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Mice treated with antibiotics early or late after active infection had resolved were examined for chlamydial
DNA in endocervical swabs. The early eradication of infection limited oviduct pathology, despite the continued
detection of chlamydial DNA by nested PCR. Late antibiotic treatment had no effect on the ability to detect
DNA or oviduct pathology.

The host immune response contributes to the pathology of
Chlamydia trachomatis infection of the genital tract. Low-
grade, chronic infection may elicit an ongoing inflammatory
response that could accelerate pathology. The natural course
of C. trachomatis infection was recently described in a study of
Colombian women followed for a 5-year period. Molano et al.
(4) demonstrated that, for 1,995 women who received no an-
tibiotic treatment, the same serovar infection was detected in
46% of them at 1 year, in 18% of them at 2 years, and in 6%
of them at 4 years of follow-up as determined by PCR of
cervical scrape samples, indicating that a high rate of chronic
infection occurs in the absence of antimicrobial therapy. In the
Molano study, the detection of chlamydial DNA by PCR in
cervical scrape samples was taken to indicate that actively
replicating chlamydial organisms were present in the cervical
tissue. Evidence against persistent infection after antimicrobial
treatment comes from a study of 20 women who were followed
for up to 5 months after completion of doxycycline therapy
with 384 cervical, rectal, and urethral specimens examined by
culture and PCR for chlamydial DNA (9). All specimens were
negative except those for one woman with apparent reinfec-
tion. Thus, this study found no evidence of persistent chlamyd-
ial infection after therapy. However, the majority of the pa-
tients had serologic evidence of acute infection, and it is
possible that chronic infection, in which organisms may be less
metabolically active, would be more difficult to eradicate.

In a study conducted with mice by Ramsey et al. (7), chla-
mydial DNA was detected by PCR and Southern blot hybrid-
ization 120 days subsequent to primary genital tract infection
or up to 90 days postresolution of infection as documented by
culture of endocervical swabs. Immunosuppressive treatment
of immunologically healthy mice at 120 days postinfection did
not result in the detection of viable chlamydiae from the lower
genital tract. These data suggest that although chlamydial
DNA may persist in the genital tracts of mice well past culture-
negative states, the detection of DNA by sensitive nucleic acid

amplification methods may not indicate the presence of per-
sistent infection as defined by the persistent ability to recover
infectious bacteria from a normally sterile site.

The purposes of this study were threefold. First, we sought
to determine whether the continued detection of chlamydial
DNA by sensitive nucleic acid amplification techniques reflects
the detection of persistent infection. Second, if DNA persis-
tence reflects persistent infection, we sought to determine
whether it can be prevented by antimicrobial treatment early in
the course of an active infection or terminated by the delivery
of antimicrobial treatment during a period when infectious
organisms can no longer be recovered by culture. Third, we
sought to determine, if antimicrobial treatment is able to pre-
vent persistent infection, what effect this might have on the
development of disease.

Eight-week-old progesterone-treated female BALB/c mice
(Jackson Lab, Bar Harbor, ME) were infected intravaginally
with 1 � 107 inclusion forming units (IFU) (1,700 doses that
were 50% infective) of C. muridarum (Nigg strain) suspended
in 30 �l of 250 mM sucrose-10 mM sodium phosphate-5 mM
L-glutamic acid (SPG) buffer (1). Mice were divided into three
groups: one received no antibiotic treatment, a second re-
ceived daily 0.1-ml intraperitoneal injections of doxycycline (3
mg/ml) on days 10 to 24 postinfection, and a third received
injections on days 42 to 56 postinfection. Uninfected mice
treated with progesterone were used as negative controls. En-
docervical swabs were taken on interval days through day 88,
and the level of infection was determined by enumeration of
IFU in cell culture (2). The presence of chlamydial DNA in
endocervical swab eluates was determined by PCR, nested
PCR, and Southern blot hybridization. At the time of sacrifice,
genital tract tissues were examined grossly for oviduct hydro-
salpinx. The tissues were processed and examined for histo-
pathology as previously described (1).

DNA from swab eluates was extracted and amplified using a
REDExtract-N-Amp blood PCR kit, following the manufac-
turer’s instructions (Sigma-Aldrich). Nested PCR was used to
amplify the target sequence. The initial forward primer se-
quence used was 5�-AATTCC CTG AGT CAT TCT GTT
TAA-3�. This was paired with the reverse primer sequence of
5�-AAAAGA TTC CAT CAT CAA AAG C-3�. The nested
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forward and reverse primer sequences were 5�-GTCATT CTG
TTT AAA AAT CTA GTC AAA-3� and 5�-TTCATG GAC
AGA AGG CAC C-3�, respectively. These primers amplify a
portion of the cryptic plasmid of C. muridarum, of which there
are multiple copies per genome (6), thereby enhancing the
sensitivity of the PCR assay. PCR products were screened
using 3% agarose gel electrophoresis for appropriately sized
bands. Southern blot hybridization was performed using a 21-
bp, 32P end-labeled probe (5� GAT ATA ACT AGC TGC
ACG AAC 3�) complementary to plasmid DNA internal to the
forward and reverse primers used for the nested PCR.

Mice that received no or late antibiotic treatment resolved
active infection (as determined by the recovery of infectious
organisms from cervicovaginal swabs) by day 28 (Fig. 1). The
early antibiotic treatment group resolved infection by day 14.
Chlamydial plasmid DNA was detected by first-round PCR in
the majority of mice from each group up to 2 weeks postre-
solution of active infection (data not shown).

The use of nested PCR and Southern blot hybridization
permitted the detection of chlamydial plasmid DNA in sam-
ples taken up to 88 days postinfection regardless of antibiotic
treatment (Fig. 2). The specificity of the PCR was confirmed by
Southern blot hybridization (Fig. 2). Although a single, day 88
sample from the group of mice treated from days 42 to 56 was
negative and DNA in samples 3 and 4 from the antibiotic-
treated groups was not as readily visualized in the Southern
blot, chlamydial DNA was detected in four of five mice in the
late treatment group and in five of five mice in the early
treatment group on day 88 postinfection. Similar results were
seen for eluates from swabs taken on multiple days prior to day
88, whereas swabs from uninfected controls were always neg-
ative by PCR. The amplification of DNA by first-round PCR,
followed by second-round nested PCR, with confirmation of

specificity by Southern blot analysis greatly amplifies minute
quantities of chlamydial DNA and gives no indication of the
quantity of DNA present in the original swab eluate. Chlamyd-
ial DNA was detected when actively replicating organisms
were readily detected from swabs as well as during a period
when infectious organisms were not recoverable by cell culture.

Mice were sacrificed 89 days postinfection, and tissues ex-
amined histologically revealed moderate or severe oviduct di-
latation in 100% of the oviducts from the untreated group, in
80% of the oviducts from the late treatment group, and in 30%
of the oviducts from the early treatment group (Fig. 3). Thus,
early eradication of active infection helped to prevent pathol-

FIG. 1. Intensity and duration of in vivo genital tract infection in BALB/c mice that received no doxycycline treatment, early (days 10 to 24)
doxycycline treatment, or late (days 42 to 56) doxycycline treatment following vaginal inoculation of C. muridarum. Data points represent the
means � the standard errors of the means of the results from quantitative isolations of duplicate determinations from lower-genital-tract swabs
taken from five animals examined on each day.

FIG. 2. Detection of chlamydial plasmid DNA in eluates from cer-
vicovaginal swabs taken on day 88 postinfection. Nested PCR followed
by Southern blot hybridization of amplicands detected the presence of
chlamydial plasmid DNA in five of five samples in the untreated group,
four of five samples in the late treatment group, and five of five
samples in the early treatment group. Four randomly selected samples
from each group and day 4 culture-positive swabs used as positive
controls (� �) were loaded in the gel apparatus, transferred, and
subsequently hybridized to the chlamydial plasmid DNA probe. Sim-
ilar results were seen for eluates from swabs taken on multiple days
prior to day 88, whereas swabs from uninfected controls were negative.
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ogy, as observed in a prior murine study (8), but late treatment
had no effect, as seen in prior monkey studies (5).

In a paper by H. K. Maxion et al. (3), the kinetics of oviduct
infection were revealed in BALB/c mice infected vaginally with
1 � 107 IFU of C. muridarum, parameters mirrored in this
study. Marked infection of the oviducts (5 � 103 IFU/mg
tissue) was detected by day 7 after vaginal inoculation, and at
21 days postinoculation, organisms were detected at a level of
1 � 103 IFU/mg tissue. These data, considered together with
ours, indicate that early treatment with doxycycline does not
prevent infection of the oviduct but aids in the prevention of
disease likely by inhibition of ongoing active infection at this
vulnerable site.

Nested PCR allowed for the detection of chlamydial DNA in

the majority of mice in all groups, indicating that persistent low
levels of chlamydial DNA may not reflect the presence of
persistent infection as defined by recoverable infectious organ-
isms. The continued ability to detect chlamydial plasmid DNA
did not affect disease outcome, whereas the inhibition of ac-
tively replicating organisms had a protective effect.
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FIG. 3. Incidence of moderate or severe oviduct dilation in female
mice after chlamydial intravaginal infection. Mice (five per treatment
group) received either no antimicrobial treatment or doxycycline in-
jections early (days 10 to 24) or late (days 42 to 56) postinfection.
Results shown are the percentages of oviducts in each group exhibiting
moderate (grade 3) or severe (grade 4) dilatation histologically in
tissues processed from animals sacrificed 89 days postinfection. P �
0.07 for early versus late treatment; P � 0.005 for early versus no
treatment, as performed by z test for the determination of significant
differences in sample proportions.
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